Typhoid fever is associated with a number of biochemical derangements which are non specific. Some of these biochemical tests have been evaluated in typhoid fever. Lactate dehydrogenate serum level was one of these recently tested non specific biochemical indices in association with typhoid fever. The serum level of this enzyme gets increased following tissue damage in a number of medical conditions. Several authors have investigated its role in typhoid fever, but little has been stated regarding its role in prediction of duration of fever in this disease. The Aim of the study: The current was planned and conducted in order to evaluate the predictive value of serum LDH in association with fever duration in patients with typhoid fever on antibiotic therapy. The current cross sectional study was carried out in Diwaniyah Teaching Hospital, Diwaniyah Province, and mid-Euphrates region of Iraq. The study included 51 in patients complaining of typhoid fever who were on antibiotic therapy. The age range of those patients was from 16 to 70 years and the study included 26 males and 25 females. The main outcome was fever duration in days after initiation of antibiotic therapy. Neither ALT nor AST showed significant difference (P> 0.05); however, serum LDH level was significantly higher in patients with fever duration of 5 days or more in comparison with that of patients with fever duration of < 5 days (P = 0.035), 499.50 (369.75) versus 370 (99), respectively. Besides, there was highly significant correlation between serum LDH and fever duration (P< 0.001). The correlation was positive (r = 0.753) revealing that the higher the serum level of LDH is, the longer the duration of fever is. Serum LDH is a significant predictor of duration of fever in patients with typhoid fever following initiation of antibiotic therapy with an acceptable level of accuracy.
Introduction
Typhoid fever is an infectious disease caused by Salmonella enteric serotype typhus and is still responsible for significant mortality and morbidity in developing countries (1) . Early description of the disease was dated back to the early 1800's; however, the discovery of the organism was not until 1880 when the German pathologist Karl Eberth identified the organism; culturing the bacteria for the first time was carried out 4 years later by Georg Gaffky (2) (3) (4) (5) . The bacterium is a Gram negative which is shaped like a flagellated rode with only single reservoir host being "human being" (6, 7) . Salmonella bacterium possesses positivity to a number of lipopolysaccharide antigens, O9, O12 and the distinctive VI capsular polysaccharide antigen (8) , the positivity to VI antigen makes the bacterium more virulent and infectious as VI negative strains are less virulent in comparison with VI positive strains (9) . The disease typhoid fever affects young adults and children more often than other age groups and is more frequently encountered in association with poverty due to poor sanitation (6, 7, and 10) . It has been estimated that typhoid fever was associated with 21.7 million cases and 216,000 deaths worldwide in 2000 and that the disease is responsible for 129,000 deaths among people living in low to middle income regions of the world (11, 12) . Nonetheless, these numbers may not reflect the true status and that a large number of cases are not considered being treated on outpatient basis or receiving no treatment at all. The incidence in developed countries is relatively low and that registered cases are often due to involvement of travelers returning from endemic areas (13) . Before the invention of antibiotics, the death rate associated with typhoid fever was about 15 %; the invention and administration of antibiotics has resulted in great fall in mortality rate to less than 1 % (7) . The organism is spread by contaminated food and water and when ingested it should survive the acidity of stomach in order to reach the intestine where it adhere to its wall (7) . The infectious dose is in the range of 10 3 to 10 6 organisms (7) . The bacterium then reaches the submucosal via "cystic fibrosis transmembrane conductance regulator (CFTR) (14) or via the M-cell" with consequent lymphoid hypertrophy (15, 16) . After reaching Peyer's patches, the bacteria disseminate via lymphatic and blood stream and replicate within the reticuloendothelial cells leading to appearance of typical clinical manifestation and the organism will reside in spleen, liver and bone marrow; therefore bone marrow culture is a good diagnostic tool (6) . The rate of carrier state ranges from 1 to 5 % (7) . Typhoid fever is associated with a number of biochemical derangements which are non specific. Some of these biochemical tests have been evaluated in typhoid fever. Lactate dehydrogenize serum level was one of these recently tested non specific biochemical indices in association with typhoid fever (17) . Lactate dehydrogenate (LDH) is a key enzyme in the conversion of pyruvate to lactate under anaerobic conditions (18) .The serum level of this enzyme gets increased following tissue damage in a number of medical conditions such as malignancies, hemolytic, myocardial infarctions and severe infections and sepsis (19) . Several authors have investigated its role in typhoid fever, but little has been stated regarding its role in prediction of duration of fever in this disease (17, 20) . Therefore, the current study was planned and conducted in order to evaluate the predictive value of serum LDH in association with fever duration in patients with typhoid fever on antibiotic therapy.
Patients and methods
The current cross sectional study was carried out in Diwaniyah Teaching Hospital, Diwaniyah Province, and mid-Euphrates region of Iraq. The beginning of the study is dated back to the 1 st of March 2019 and the study extended through September 2019. The study included 51 in patients diagnosed of having typhoid fever who were on antibiotic therapy. The age range of those patients was from 16 to 70 years and the study included 26 males and 25 females. The main variables included in the current study were age, gender, serum ALT, serum AST, serum LDH, fever duration, diarrhea, splenomegaly, hepatomegaly, anemia, thrombocytopenia, thrombocytosis, leucopenia, leukocytosis, raised D-dimmer, hypotension and pancreatitis. The main outcome was fever duration in days after initiation of antibiotic therapy. The study was approved by the institutional approval committee and a verbal consent was obtained from each participants. The laboratory investigations were obtained from patients records and relevant findings of history and examination were collected by a specialist in internal medicine. Data were then transformed into an SPSS spread sheet (IBM, Chicago, USA, version 23). Categorical data were expressed as number and percentage; whereas, quantitative data were expressed as median, inter-quartile range (IQR) and range. Mann Whitney U test was used to study difference in mean rank of a variable contrasted between two groups. Spearman correlation test was used to evaluate bivariate correlations. Receiver operator characteristic (ROC) curve analysis was carried out to find the best LDH cutoff value associated with long fever duration. The level of significance was chosen at P ≤ 0.05.
Results
The current study included 51 patients. The duration of fever following initiation of antibiotic therapy has ranged from 3 to days with a median and inter-quartile range of 7 and 5, respectively. Based on duration of fever, patients were categorized into 2 groups, the first group included patients with fever lasting less than 5 days and the second group included patients with fever lasting 5 days or more, 7 and 44 patients, respectively, as shown in table 1. There was no significant difference in age between either groups, 28 (12) versus 28 (8.75) years, respectively (P = 0.784). In addition there was no significant difference between the two groups with respect to frequency distribution according to gender (P = 0.955), as shown in table 1. Serum levels of alanine transaminase (ALT), a separate transaminase (AST) and lactate dehydrogenize (LDH) were contrasted between the two groups and the results were shown in table 2. Neither ALT nor AST showed significant difference (P> 0.05); however, serum LDH level was significantly higher in patients with fever duration of 5 days or more in comparison with that of patients with fever duration of < 5 days (P = 0.035), 499.50 (369.75) versus 370 (99), respectively, as shown in table 2 and figure 1. Besides, there was highly significant correlation between serum LDH and fever duration (P< 0.001), as shown in figure 2. The correlation was positive (r = 0.753) revealing that the higher the serum level of LDH is, the longer the duration of fever is. Moreover, R2 value was 0.390, implying that this correlation can explain 39 % of the correlation between serum LDH and duration of fever. For that reason, the authors of the current study suggested the existence of a cutoff value for serum LDH that can predict longer fever duration with certain level of accuracy, thus receiver operator characteristic (ROC) curve analysis was carried out aiming at identifying such cutoff value and the results were shown in figure 3 and table 3. AUC: area under the curve; CI: confidence interval; HS: highly significant at P ≤ 0.01 Complications in association with typhoid fever and their frequency distribution with respect to fever duration are shown in table 4. There was no significant association between fever duration and any of complications. 
Discussion
Typhoid fever is still common in our community and in particular in mid-Euphrates region of Iraq because poor sewage system and sanitation. On the other hand poor families with poor sanitation represent substantial proportion of Diwaniyah province population. This disease is characterized by significant morbidity. Mortality from typhoid fever is relatively low because of antibiotic administration. However, a significant number of patients still have little opportunity for proper antibiotic management because of expensive antibiotics. In the current study, the majority of patients continue to have fever for more than 4 days. Literatures stated that fever often subsides within a mean of 4 days of treatment initiation (21, 22) . However, in the current study only 7 out of 51 (13.7 %) patients showed normalization of body temperature within 4 days. The most likely explanation for such a phenomenon is the resistance to antibiotic offered by salmonella bacterium. During the late 1980s and early 1990s, in Southeast and South Asia, S. Typhi that had R factor plasmids encoding resistance to majority of the first choice antibiotics available to manage typhoid fever, including amoxicillin, chloramphenicol, ampicillin, and TMP-SMZ, happened (23, 24) . Luckily, during this period, ofloxacin, ciprofloxacin and other fluoroquinolones were highly effective in eradication of S. typhus. In addition to high bacteriologic and clinical cure rates, some patients on fluoroquinolones treatment became free of chronic gallbladder carriers with a rate approaching 90%, with no need for cholecystectomy (25) . Nevertheless, inappropriate use of fluoroquinolones, usually given in suboptimal doses and for inadequate duration in Asia, favored the emergence of mutations in chromosomal gyr loci, leading tofluoroquinolonesresistance. The spread of multi-drug resistant strain has shifted the treatment options toward aggressive parental ceftriaxone use (26) . Therefore, it appears mandatory to plan and conduct a national study to evaluate typhoid fever antibiotic resistance in our country. With respect to validity of LDH, previous studies have evaluated serum LDH level in comparison with control groups having other cause of fever and have found significant variation (17, 20) ; however, little was mentioned about the association between fever duration from onset of antibiotic and serum LDH level. In our study, however, we were able to prove a significant predictive role for LDH in anticipating duration of fever, but we failed to demonstrate a link to typhoid fever complication. Nevertheless we found a serum LDH cutoff value that has acceptable level of accuracy of 75 % for the prediction of longer fever duration despite anti-biotic therapy. Therefore, we advise to perform LDH estimation for every patient with typhoid fever to predict duration of fever and this in our opinion may manipulate the choice of proper antibiotic treatment based on bone marrow culture and sensitivity results. In the current study were able to demonstrate no significant role for AST and ALT in prediction of fever duration in patients with typhoid fever on antibiotic therapy.
